Abstract The University of Queensland Alambra Archaeological Mission (UQAAM) conducted a program of geophysical survey and archaeological excavation over four seasons from 2012 to 2016. This program has allowed this study to compile a large array of geophysical data, which has been tested against actual excavation results. By integrating the two forms of archaeological investigation, the UQAAM has been able to identify geophysical 'signatures' diagnostic and indicative of internal architectural features relating to the Cypriot Prehistoric Bronze Age (c2400-1750BC). This is the first time internal features have been identified using these techniques on a Middle Bronze Age site in Cyprus. The program has also identified two, and possibly four, areas of domestic settlement. This has yielded results that are of considerable value to cultural heritage managers of the site, which is experiencing development pressures. While identifying several constraints with the geophysical survey for the Prehistoric Bronze Age in Cyprus, the program has demonstrated the efficacy of a combined geophysical survey and excavation approach to sites of the Early-Middle Bronze Age period.
Introduction
The University of Queensland Alambra Archaeological Mission (UQAAM) conducted four seasons of excavations at the Prehistoric Bronze Age (hereafter PreBA 1 ) site of Alambra, central Cyprus, between 2012 and 2016 (Fig. 1) . 2 This work was concentrated in a relatively level, open field at the foot of a prominent hill known locally as Alambra Mouttes ('Area C'). The excavations at Area C were designed to ground truth the results of a geophysical survey undertaken by the same team in 2012, which had identified some anomalies strongly suggestive of houses and tombs. The excavations confirmed the predictions of the geophysical survey. The archaeological investigations demonstrated that Area C had in fact been an important node of the PreBA settlement, accommodating at least three domestic structures, two wells and about 60 pit and chamber tombs. Significantly, this area had not been identified by pedestrian surface surveys conducted in the 1970s and 1980s as being a 'central area of settlement' (Coleman et al. 1996:17-18; Sneddon 2015) .
The Alambra excavations provided an excellent case study for an assessment of the value of geophysical survey to the archaeology of Cyprus, especially the PreBA which is characterised by a suite of distinctive, diagnostic architectural features. Although geophysical methodology is gaining wider acceptance on Cyprus as a tool for identifying and managing the potential archaeological resource, there is still some resistance to its use. This is usually expressed anecdotally and often based on those surveys that have yielded ambiguous 1 The Prehistoric Bronze Age comprises the Early Bronze Age and most of the Middle Bronze Age and is conventionally dated to c2400-1750 BC. 2 The Cypriot government prefers the orthography 'Alampra' to 'Alambra'. To avoid confusion the form 'Alambra' is retained in this paper because the site has been published under that name since the 1920s. results or on surveys that used now superseded technologies (e.g. Coleman et al. 1996:12; Frankel and Webb 1996, 2006) .
Geophysical survey was relatively uncommon on Cyprus before c2005, but it has been utilised by some archaeological projects since then (e.g. Sarris et al. 2005; Stamatis et al. 2007; Iacovou 2008; Sarris 2011; Given et al. 2013a, b; Sarris et al. 2014; Manning et al. 2014; Urban et al. 2013) . For the most part, these surveys have focussed on the later periods of Cyprus's history, especially the Late Bronze Age and succeeding periods. Where geophysical survey has been applied to prehistoric sites, especially PreBA sites, the results have sometimes been mixed (e.g. Coleman et al. 1996: 12; Frankel and Webb 1996) . Geophysical survey for sites dating to this period is, therefore, under-represented in the literature (see, however, McCarthy et al. 2010; Sarris 2007; Sarris et al. 2002) .
Several factors enhanced Alambra's value as a case study for the efficacy of geophysical survey in the prehistoric context. The site was occupied for a single period of c150 years from c1900BC (Coleman et al. 1996:18) , and although much of the site area has been farmed in the intervening millennia, the archaeology has demonstrated that it was never built over by later settlements. The main area of excavation discussed in this paper (Area C) was located in a field used for most of the twentieth century as a carob orchard and, once the trees were removed in the 1980s, for growing wheat/barley. The farming in Area C has principally been limited to shallow animaldrawn ploughs and small tractors rather than the highly destructive larger mechanised ploughs that have typified Cyprus agriculture in more recent decades. As a result, the archaeological remains excavated by the UQAAM (and detected by geophysical survey) were usually located 10-30 cm below the surface (bs), although some locations contained features that extended 30-60 cmbs. Being a single component site with shallow depth to archaeological targets, Area C is considered ideal for a geophysical survey.
It was also anticipated that the geophysical survey would detect stone wall features since these are more robust and easier to image than other more ephemeral features on Bronze Age sites in Cyprus (Rogers et al. 2012; Urban et al. 2014a, b; Fisher et al. 2017) . With the hypothesis that stone walls/footings would be mapped at Alambra, our goal was to test whether the range of data for detecting wall features could also give us some idea about other PreBA structural components (mudbrick walls, pot emplacements, hearths etc.) and the nature and extent of interior and exterior spaces. To accomplish this, the geophysical 'signatures' were evaluated, and the 'visibility' of anomaly types relating to form, shape and patterning were correlated to the archaeological data on completion of the physical excavation of the site.
While there is some ambiguity in the results of the geophysical survey, the archaeological features exposed by the UQAAM project were usually typical of, and sometimes unique to, the PreBA, exhibiting the fine-grained complexity of living spaces. These newly exposed features permitted the archaeologists to analyse the results of the geophysical survey with an eye to identifying the signatures of these particular features (discussed in detail below). It is hoped that these data will assist archaeologists of PreBA Cyprus to determine these features at other sites through geophysical survey. This could obviate the need for expensive excavation and provide an inexpensive tool for the analysis and management of such sites on an island experiencing rapid development and urban growth (Knapp 2013) . The final section of the paper uses the outcomes of the geophysical survey and subsequent archaeological excavations to hypothesise about two, and possibly four, other nodes of settlement at Alambra, which were identified by the geophysical survey. This approach illustrates both the potential uses and weaknesses of geophysical science.
Historical and environmental background
Alampra today is both the site of a modern village and a PreBA settlement, located in central Cyprus (see Fig. 1 ). Although some evidence suggests that the site was first occupied in the Early Bronze Age (hereafter EBA), the architectural features investigated at Alambra to date were in use during the Middle Bronze Age (hereafter MBA), for about 150 years from c1900 BC (Coleman et al. 1996) . The UQAAM's work builds on previous archaeological investigations of the site by Cornell University from 1974 to 1985, which identified six domestic rectilinear structures with stone wall footings on the lower slopes of Alambra Mouttes, some 120 m west of Area C (Coleman et al. 1996) . In addition to excavation and extensive pedestrian surface surveys, the Cornell University team attempted a geophysical survey on parts of the site in 1976 using technology that was 'cutting edge' at that time (a magnetometer). However, the study failed to yield useful results illustrating the significant advances that have been made in the technology since then (Coleman et al. 1996:12;  for similar early use of geophysical surveys, see Frankel and Webb 1996, 2006 at Marki Alonia).
The geology of the Alambra area is conducive to geophysical survey. The PreBA settlement is located on the interface between Cyprus's central plain (Mesaoria) and the Troodos Masif. The Mesaoria is characterised by sedimentary deposits of the Middle and Upper Lapithos Formation of the Lefkara Group (chalks, marls, limestone and chert) while the foothills of the Troodos Mountains comprise a series of upper pillow lavas (green-grey basalt and andesite) (Coleman et al. 1996: 1-3) . Some PreBA remains (scattered tombs and a small area of habitation centred on the structure known to Cypriot archaeologists as 'Gjerstad's House') have been identified in the pillow lavas (to the west of the line of contact). The bulk of the ancient settlement was located on the sedimentary deposits (to the east) (Gjerstad 1926: 19-27; Coleman et al. 1996: 11-16; Kliman 1996: 345-57; Georgiou 2008) . It was in the area of sedimentary deposits that the geophysical survey described in this paper was undertaken.
The PreBA site is dominated by two relatively high rounded peaks (c330 m asl) connected by a long saddle-like ridge oriented roughly northwest-southeast (Alambra Mouttes and Alambra Spileos) (see Fig. 1 ). The ridge falls away sharply to the south-west toward the igneous formations and less sharply to the east and northeast into the sedimentary deposits. The upper eastern slope of the Mouttes hill and ridge is terraced to accommodate small farming allotments. Two ephemeral watercourses (the Ammos and Kalamoudhia) flow intermittently on the north and south sides of the settlement. A natural spring exists some 2 km east of the site.
The soils are very calcareous, typically ranging from silt loam near the surface to silty clay loam with depth, and are shallow and prone to depletion through erosion. In general, the soils at Alambra are not very stony although previously uncultivated areas may contain higher densities of c20 × 30 cm pieces of basalt (gabbro and diabase). Figure 2 illustrates a typical soil profile at Alambra.
Diagnostic and indicative PreBA material culture
The results of the 2012-2016 UQAAM excavations, augmented by data derived from the published results of the Cornell University excavations (Coleman et al. 1996) , guided the analysis of the geophysical survey data at Alambra. The settlement remains exposed are broadly contemporary with Marki Alonia, Sotira Kaminodhia and Politiko Troullia and the excavations carried out by Cornell University at another part of Alambra ('Area A') in the 1970-1980s (Coleman et al. 1996; Frankel and Webb 1996, 2006; Swiny et al. 2003; Falconer and Fall 2013) . These projects, among others, have established the architectural features that are characteristic of PreBA Cyprus, and for which our work sought geophysical 'signatures'. They are described below in general terms, followed later in the paper by a summary of the actual features excavated in 2012-2016. In contrast to the circular houses of the previous Chalcolithic period, domestic structures of the PreBA were rectilinear. Typically, they comprised one-and probably twostorey structures, often but not always at the rear of a walled courtyard. Party walls and partitions further divided the interiors. They included storage spaces furnished with large storage vessels, work areas, and presumably sleeping areas, although the latter have been hard to identify archaeologically. Timber appears to have been used, at least for the roofing and possibly as a frame for some walls.
PreBA external walls were usually composed of a sundried mudbrick superstructure resting on wall footings of stone. The footings ranged in height from c30 cm to over a meter but often survive to a height of no more than c1 m, most commonly less than that. They were usually c40-60 cm wide. The stones used to construct the external wall footings were sourced opportunistically, being an irregular mix of limestone pieces (especially calcarenite) and basalt (especially diabase and gabbro). In the PreBA settlements excavated to date, the wall footings have typically been buried under a mix of mudbrick 'fill' (being the collapsed walls) and natural soil accumulation. It is unusual for remnants of the external wall's mudbrick superstructure to have survived in situ to the present day. The internal walls took various forms: sun-dried mudbrick on stone wall footings, similar to the external walls but typically narrower (c30-50 cm wide), and others without stone footings.
Many domestic activities within the internal living space of PreBA houses were carried out at floor level. Subrectangular and semicircular cooking hearths were constructed against the walls and at floor level. These usually measured c60 cm-1 m diameter, the edges constructed of plastered pise forming low (c10 cm) surrounds. Low (c10 cm) plastered pise benches were built along the base of the walls, extending c30 cm into the room. The pottery from this period was typically roundbased rather than flat-based with the result that most vessels could not stand unsupported on a flat surface. Therefore, the floors of domestic spaces were furnished with 'pot emplacements' comprising shallow 'bowls' dug into the earthen floor, made solid with a mix of plaster and small stones applied to the sides (c2 cm thick), known to many archaeologists on Cyprus as 'pebblecrete'. These typically are circular in plan, c20-30 cm in diameter, tapering to a depth of c20-30 cm. Vessels (especially larger ones) rested in these emplacements. They are found located against the walls of internal living spaces but sometimes are placed away from the walls in what appear to be activity areas in the middle of rooms. The floors of PreBA structures were usually bare earth and appeared archaeologically as fugitive surfaces of slightly more compact deposits. At Alambra, the living surface of some structures had been excavated by the builders into the underlying bedrock (known locally as 'havara') so that the occupants stepped down c20 cm into the room upon entering. Entry into structures was through doorways, with the door pivot sometimes surviving in situ.
Although some coroplastic art and modelled pottery vessels from the period may depict communal activities within purpose-built structures (e.g. Steel 2013), no monumental or public buildings have been identified in PreBA Cyprus to date.
Based on the above, regarding geophysical visibility, we would expect to see stone wall footings (and therefore the space that they enclose) represented as 'linear anomalies' and tombs represented as 'ovoid anomalies'. However, our expectation was that the other kinds of PreBA architecture would yield more ambiguous geophysical signatures, and this is where the archaeological excavation of specific features becomes crucial to the interpretation of the geophysical data. By correlating the different kinds of data, geophysical signatures can be tested against actual finds to produce a database of signatures to assist future analysis of geophysical surveys and intra-site predictive modelling. This approach also allows us to determine what the realistic applications, and limitations, of geophysical survey are.
The geophysical survey-methodology
The geophysical field surveys were carried out with groundpenetrating radar (GPR) and magnetic gradiometry in 2012. GPR works by transmitting electromagnetic energy in the form of radar waves into the ground (Bevan 1998; Conyers 2012) . When the wave encounters a different material in the soil (such as air voids, stone or a material with different moisture content), a reflection occurs, sending part of the wave back to the surface, where it is received and recorded. Magnetometry measures the strength or alteration of the earth's magnetic field across an area (Aspinall et al. 2008; Bevan 1998; Clark 1996; Gaffney and Gater 2003; Witten 2006) . Variations in the local field are defined as 'anomalies' and are associated with iron-rich material. Gradiometry was chosen because it can be used to cover large open areas rapidly. It was anticipated that gradiometry would locate magnetically enhanced material such as burnt features or iron-rich soil. GPR was chosen because it provides spatial information both horizontally and vertically to produce a three-dimensional image of the subsurface. It was anticipated that GPR would be able to identify buried stone foundations of PreBA buildings, and it was hoped that other features diagnostic of the PreBA would also be discerned.
In mid-2012, a total of eight geophysical survey units (GSU) were established across an area at Alambra that was also investigated by pedestrian surface survey in the 1970s and 1980s by the Cornell University. The pedestrian survey identified areas containing dense scatters of pottery as the 'central area of settlement', while areas characterised by a lighter scatter of pottery were designated as less dense areas of habitation (Coleman et al. 1996: 18) . The GSUs were designated GSU 1-12 (Fig. 3) , not to be confused with the excavation areas (being 'Area A', 'Area B' and 'Area C'). GSU 6 (Area C of the excavation) formed the focus of the team's efforts to identify geophysical signatures for diagnostic PreBA Cypriot archaeology. The results are used below to attempt a reconstruction of other potential nodes of habitation at Alambra at GSU 2 and GSU 8. The total area surveyed was 21,098 m 2 (2.10 ha). The size and shape of the GSUs were determined by the nature of the topography, such as terrace hillslopes.
A Geophysical Survey Systems, Inc. (GSSI) SIR-3000, 400 MHz antenna and a model 620 survey wheel were used to collect the GPR data. Sixteen-bit data were collected with a 40-nS time window, 512 samples/scan and with 25 scans/m. Transects were spaced every 0.50 m oriented to the landform.
Data were processed (background removal, bandpass filter and regain) and converted into amplitude slice-maps using GPR-SLICE v7.0. Time slices were made using the hyperbola fitting function to estimate the velocity of the electromagnetic signal in a given volume of the medium. This velocity was then used to calculate the two-way travel time to get a depth estimate (Goodman and Piro 2013; Jacob and Urban 2015; Urban et al. 2016) . These depth estimates generated in the software were then verified in the excavations.
Gradiometer data were collected with a Bartington Instruments Grad601-2. This instrument utilises four magnetometers-two pairs stacked vertically 1 m apart to provide a measure of the magnetic gradient at each measuring station. Fluxgate gradiometers allow for the recording of very subtle (0.03 nT/m) fluctuations in the local magnetic field. The instrument was set up to record data eight times per meter with 0.5 m spaced survey transects (16 samples/m 2 ). Data were downloaded and processed using TerraSurveyor version 3.0.25.1. Processing was limited to despiking to remove abnormally high/low readings and interpolation to equalise pixel size to 0.125 m by 0.125 m. The processed data were exported as Surfer grid file (.grd) and imported into ESRI ArcGIS 10.4.1 for cartography. 
Results of the 2012 geophysical survey
The GPR data revealed many linear and rectilinear high amplitude reflections in GSU 6 (excavation Area C). Their size and shape indicated that many of these reflections were likely architectural features of the PreBA. These appeared around 20 cmbs and continued to a depth of 60 cmbs. Figure 4a shows the processed data and amplitude slice map (from 39 to 59 cm) and our interpretations before excavation (Fig. 4b) . Some rectilinear features (red lines) were visible in the southwestern section of the grid. Many of these reflections appeared to connect at right angles, forming small rooms and alcoves of various sizes, in addition to long straight walls. Positive and negative response magnetic anomalies were visible throughout GSU 6 (Fig. 5a) . Figure 5b has been annotated to show our predictive interpretation of anomaly types before the area was ground-truthed by excavation: positive responses (blue), architectural features (red), metal (green) and potential tombs (yellow). Several negative response anomalies were visible in the south-west section of GSU 6, forming linear patterns that were indicative of walls. Other anomalies are shown as circular positive responses ranging in sizes from 2 to 4 m in diameter. Many of these anomalies were found adjacent to the architectural features (which is not typical of tombs in the PreBA). Several magnetic anomalies occurred up to 50 m from these structural features. A large cluster of positive ovoid anomalies was located in the northeast and eastern section of GSU 6 and was interpreted as potential tombs.
The possible tombs identified in the gradiometer data showed no relationship between positive response anomalies and high-amplitude GPR reflections when the data were correlated (see Fig. 4b ). Local sources, as well as Coleman et al.'s (1996: 113-123 ) previous work, had indicated that tombs were present in this general vicinity. Since tombs can be difficult to detect with geophysics in Bronze Age Cyprus (Sarris 2007) , several criteria were utilised to assist with our interpretations. In the first instance, the data presented in the gradiometer image were clipped to highlight particular magnetic high (3 to 4 nT) and low (−3 to −4 nT) values. This was largely done because there was no correlation between the GPR data and no surface anomalies were present. Then, the shape and size of the anomalies (1-3 m in diameter) were evaluated, as well as the patterning (i.e. if these anomalies occurred in clusters) using information derived from previous PreBA tomb studies (Davies Unpublished; Frankel and Webb 2007; Keswani 2004 Keswani , 2005 Sneddon 2002 ). The clipped data were then superimposed on the GPR data to determine if there were any additional correlations between the two datasets (Fig. 6a) . High reflections were observed adjacent to the potential tombs identified. However, reflections were lower in those areas marked as high magnetic values.
The predicted architectural features defined in both datasets correlated well to one another when superimposed (Fig. 6b) . The more robust linear anomalies were interpreted as likely comprising the stone wall footings of these structures. Surface metal was also visible during the initial field survey and these correlated to one another in both datasets as positive magnetic responses and high-amplitude reflections.
Summary results of 2014-2016 Alambra 'Area C' excavations and correlations with geophysical data
The post-excavation report for the UQAAM excavations is still in preparation. However, the excavation of 16 trenches (Trenches 1-16) confirmed the pre-excavation interpretation of the survey data in GSU 6 (Fig. 7) . The linear anomalies were limestone wall footings, many of which formed large rectilinear structures. Other structural elements were identified through excavation, which allowed us to re-assess the geophysical survey data for their signatures. 
Internal spaces
Most of these walls varied between 0.60-1 m in thickness across the site and were visible as linear low response magnetic anomalies and linear strong GPR reflections (Fig. 8a, b) . On average, the tops of the wall footings were quite shallow (around 10-20 cmbs) and constructed with irregular limestone, gabbro and diabase pieces c20 × 30 cm in size. The wall footings of all buildings rested on the surface of the soft natural bedrock ('havara'), in places resting in a shallow (10-15 cm) foundation trench cut into the havara. For most of the walls, the geophysical data provided an accurate estimation of width. The depth of the wall footings below the surface was only visible in the GPR data, but those data gave an accurate indication of depth.
Adjacent to two walls, excavation exposed a damaged pithos (a large storage vessel) in situ in its own pot emplacement in the corner of a room. The feature was discernible in the gradiometer image as a positive response value (Fig. 8c ) and the GPR reflection profile (Fig. 9a ), but the pithos itself (a thick-walled ceramic vessel) was not visible in the amplitude slice maps (Fig. 8e) . The pithos and its emplacement appear as a dip in the reflection profiles, rather than a hyperbola. The flat stones used to chock up the base of the pithos show up as a slightly stronger reflection (see Fig. 9a ). The pithos was also characterised as a positive ovoid shape 1.5-2 m in diameter response and situated next to the two walls.
Similarly, 'pebblecrete' pot emplacements of the kind described above were excavated in two domestic structures ('Trench 2' and 'Trench 10') (see Fig. 8b ). These emplacements were discernible in the reflection profile as weak hyperbolas (Fig. 9b) . They were not visible in the amplitude slice maps (Fig. 8f) . For both the pithos and pebblecrete pot emplacements, the anomalies were discernible but not strongly illustrative of their true form when out of context. Nevertheless, these weak signatures may be enough to assist archaeologists of PreBA Cypriot sites to hypothesise about the location of emplacements in unexcavated structures, based on the known placement of such features within domestic spaces of the period.
Excavation also demonstrated that the room of one structure had a sunken floor; that is, occupants entered the room through a doorway and stepped down some 20 cm onto the living surface, which had been excavated into the natural havara by the occupants of the building. This feature was discernible in the GPR reflection profiles (Fig. 9c) , again allowing archaeologists to reconstruct the form and structure of some living surfaces without excavation (if excavation were impossible) or before excavation and for use as a guide.
This room was also noteworthy for the presence of a human skeleton laid out on the living surface that was accoutred with faience beads, one copper (possibly bronze) clothes pin, a copper earring and two copper ingots placed on the body (see Fig. 8b ). The copper ingots were detected in the GPR reflection profiles (see Fig. 9c ) but being diamagnetic were not Fig. 8 Plans of the architectural features and structural components in Area C in Trench 10 (extension of Trench 1) (a) and Trenches 2, 11 and 15 (b). Gradiometer maps of same architectural features and structural components in Trench 10 (c) and Trenches 2, 11 and 15 (d). Amplitude GPR slice maps of the same area in Trench 10 (e) and Trenches 2, 11 and 15 (f) detected by the gradiometer. The GPR data suggested the ingots were at a depth of 55 cm, which was confirmed in the excavation. Even without excavation, this indicated that the metal artefacts almost certainly dated to antiquity given Alambra's single short period of occupation. The copper ingots did not read clearly in the magnetic data because of their depth (distance to the sensor) and the highly magnetic (values up to 4 nT) overlying mudbrick fill that had collapsed when the house had burnt down in antiquity (see Fig. 8d ). Visibly, this anomaly was quite large (1.5-2 m diameter) and covered the entire interior room of this structure.
Two of the excavated structures were destroyed by fire (Trench 2 and Trench 10), including the room containing the human skeleton in Trench 2 as discussed above which rested under a 1.5-2 m diameter positive magnetic anomaly. This anomaly proved to be a 45-50-cm-thick layer of mudbrick wall collapse and fill that was highly mottled with black burnt ash/timber, strong brown and dark yellowish brown mudbrick, and very pale brown plaster inclusions. There were numerous ashy pockets within the mudbrick wall collapse down to floor level. The same kind of deposits overlay the floor of the house in Trench 10. The fill in this area included carbonised roof beams bound together to form a cross shape, evidently the frame for part of the mudbrick structure. Similar magnetic anomalies to those in Trench 2 were observed within the rooms of the structure in Trench 10. These were particularly evident in interior spaces (Units I and IV), which were presumably roofed, and indicate burnt roof and wall collapse. An area in Trench 10 was identified as an exterior work area (Units I and II) because it contained grinding stones and querns and a less distinct floor surface. This area did not include the same positive magnetic anomalies, presumably because it was unroofed and did not experience the same level of burnt collapse as the interior spaces (see Fig. 8c ). The mudbrick collapse was more magnetically enhanced than the surrounding soils and is likely made up from materials with different magnetic susceptibilities (see Becker and Fassbinder 1999; Fassbinder 2015) . When soil (or in this case sun-dried mudbricks) is burned, changes to soil mineralogy occur. These magnetic changes occur as a consequence of the organic content of the soil, the temperature and duration of the burn, and the type and relative abundance of iron-bearing minerals present in the material (Bellomo 1993; Linford and Canti 2001; Longworth et al. 1979 ). This results in more positive magnetic signatures in the gradiometer data.
The signatures of some archaeological features were harder to detect in the geophysical data. For example, a 1.25-m-wide doorway into Trench 2 was not discernible in the survey data due to the wall collapse around it. The burnt timber beams lying on the floor of one room in Trench 10 were not clearly reflected in the data because charred timber beams and charcoal are weakly c Profile 348 shows the sunken floor of Trench 2, U nit I, the copper ingots and wall magnetic, despite being burned (although, as discussed above, there was some indication of burning more generally). Such features will rarely appear in a gradiometer map. The magnetically higher area surrounding the beams (described above), or in this case fill, is a better indication of burning than the burnt timber itself. Charred timber is also difficult to detect with GPR, especially because this soft material does not reflect radar energy in the way that hard materials, like large storage vessels in emplacements, do. Importantly for the study of the PreBA, which was a time when sun-dried mudbrick was common, those mudbrick walls that were not built on stone wall footings (usually internal partitions) were not discernible in the data. Both the GPR and gradiometer failed to map unburnt/unfired mudbrick walls. A mudbrick partition wall in Trench 2 (being 1.12 m long, 42 cm wide and surviving to a height of 30 cm) did appear as a weak GPR reflection in the amplitude slice map, but overall, it was quite difficult to detect features of this kind in other parts of the site (see Figs. 8b, f) . This could be a result of the material used for mudbrick construction (locally sourced, sun-dried as opposed to fired brick). This does not contrast enough from the surrounding natural soil. We note, however, that other methods of geophysical investigation at other sites have successfully imaged mudbrick walls (Abdallatif et al. 2003; Berge and Drahor 2011; Casana et al. 2008; Papadopoulos et al. 2006 ). Plaster and mudbrick benches and platforms that were exposed in the excavations at floor level and built against walls were also not visible in either of the geophysical datasets.
Two hearths were exposed by the UQAAM, one in Trench 10 and another in Trench 2 (see Fig. 8a, b) . They were not visible in the gradiometer data and were completely absent from the GPR data (see Fig. 8c-f) . The hearths were at floor level and built against the stone wall footings of the rooms they occupied. Black ashy deposits 10-15 cm deep fanned out from the heat well of both features, reflecting their use for cooking. The hearth in Trench 10 was about 1 m in diameter and formed a shallow circular dip in the floor with a pise hob at its top, against the wall. The hearth in Trench 2 was much larger, about 1.8-2 m in diameter and comprised a low pise kerb with a plaster render with a heat well at the top, also against the wall. Based on the success for detecting hearths on other Bronze Age sites, it was anticipated that the gradiometer would pick up the burning associated within them (Nowaczinski et al. 2015; Papadopoulos et al. 2006; Urban et al. 2014a, b) . Although there is a moderate magnetic change with the hearth in Trench 10, there is only a weak magnetic anomaly in Trench 2's hearth. It is unclear why the hearths were not visible, and the reasons for this could be that the material used for construction was devoid of magnetic minerals (weakly magnetic limestone plaster). The magnetic properties of the black silt ash may also have been weakly magnetic. Lastly, both hearths were buried by the magnetically rich mudbrick collapse from the fire and this may have obscured any signals present.
External spaces
The excavations also targeted six of the ovoid anomalies predicted pre-excavation for a majority of them to have been tombs, as well as one large magnetic anomaly believed to be structural (Fig. 10) . Two of the ovoid anomalies proved to have been looted chamber tombs (trenches 5-6). These had been refilled by the looters when the looting had been completed (Fig. 11a) . The third ovoid anomaly proved to be a well (trench 8) (Fig. 11b) . The looted tombs and well appeared as ovoid positive high response anomalies (>2 m in diameter) in the gradiometer data which indicated disturbed soil fill (see Fig. 10 ). These features were not visible in the GPR amplitude slice maps, but they did show up in the reflection profiles (Fig. 12) . The excavated tombs contained a mixed soil of organic inclusions (mainly insect casings), very small quantities of ash and charcoal, havara fragments and loose brown soils. The fill in the well shaft contained organically rich, soft silt, growing grittier with depth, and a small number of fragmentary ceramic and stone artefacts. The well had been constructed as a shaft into the natural havara. The fill contained significantly more iron-bearing soil material than the magnetically weak havara, which the well had been excavated into. The well, which was characterised as a circular positive response, was one of two similar anomalies in a magnetically quiet area of the site. Examination of the reflection profiles for the two tombs and well indicated very different structural profiles. Both tombs displayed an area of higher reflection around 30 cmbs showing a shallow dromos, and another high reflection around 80-100 cmbs, signifying the deeper chamber tomb (Fig. 12a-b) . The well did not contain any reflections, only those that bordered the top of the well where the havara had been dug into ( Fig. 12c-d) . Instead, the radar wave dissipated with depth due to loss of radar energy. The excavations terminated at a depth of 1.9 m, therefore the actual depth of the well is unknown. Fig. 13 Map showing the GPR survey areas superimposed on Cornell University's pedestrian survey's predictions for settlement density (modified from Coleman et al. 1996) The 2016 excavations also uncovered three pits: two (c1 m diameter) that contained a low concentration of artefacts (Trench 13), extending to 40 and 80 cm deep, and another (~1.3 m in diameter) that may be a well (trench 14). A larger area (3 m × 2.30 m) of high artefact concentration near the known well (Trench 12) with partially dug pits was also uncovered. All exhibited positive magnetic responses that resulted from the pit fill (i.e. soil disturbance) that was found in the location where the occupants removed the havara. Another positive magnetic anomaly about 5 m in diameter forming a semicircular shape that appeared as an underlying structure in the gradiometer data was also targeted (Trench 16). Interestingly, only a large deposit of basalt river rock pebbles was encountered. It is unclear why the stones were placed there or what purpose they served, as the closest water course is over 150 m away, yet they account for the strength of the magnetic signal found here. Reconstructions of occupation areas at GSU 2 and GSU 8 using geophysical data Coleman et al. (1996) concluded that the PreBA settlement at Alambra extended over a very broad area, and Sneddon (2015) has hypothesised that the occupation areas formed smaller nodes of habitation separated from other areas by open spaces and burial areas. The geophysical data confirms these conclusions. Based on identified geophysical signatures, interpreted with the results of the previous archaeological investigations, we predict that additional nodes of settlement existed at Alambra in GSU 2 and GSU 8 (refer to Fig. 3 for locations). Coleman et al. (1996) had identified these as potential habitation areas based on surface survey (Fig. 13) . To demonstrate the value of geophysical survey as both a predictive and a cultural resource management tool, the nature and extent of these two nodes of the settlement are reconstructed below. High concentrations of ground stone artefacts (especially querns and rubbing stones) and PreBA pottery are visible on the surface within GSU 2, and it has been previously posited that this area formed part of the central area of settlement (Coleman et al. 1996:18) . Several linear and rectilinear highamplitude GPR reflections were visible in GSU 2 around 15-20 cmbs and continuing to a depth of 35-40 cmbs, indicating these are probably walls (Fig. 14a-b) . On average, most of the walls range in thickness from 0.70-1 m similar to those documented in the Area C excavations. Positive and negative response magnetic anomalies were also present (Fig. 14c) and have been annotated to show our predictions, which include linear anomalies that correlate to those found in the GPR, and dipoles that likely relate to modern metal (Fig. 14d) . Many circular and ovoid, magnetically positive responses ranging from 0.75-1.15 m in diameter are found near or next to the walls. This suggests that these could be areas of soil disturbance, pithos emplacements or possibly hearths.
No sunken floors, benches or doorways were detected in either dataset, but at least five potential buildings and rooms are visible in the amplitude slice maps and predicted images (Fig. 15) . Reflection profiles revealed evidence of a floor area/ space and walls with possible pithos emplacements. A potential pit was also identified. Determining if these are interior or exterior structures is challenging, yet the presence of positive magnetic signatures situated adjacent to the wall features indicates that they are likely to be interior. Based on the magnetic data, we can also hypothesise that this part of the settlement may not have burned down like the structures in Area C. Large high response anomalies detected within or near the walls (like those observed in GSU 6) were not visible in GSU 2, indicating less fill or burning. Additionally, many of the larger high response anomalies are found outside the walled features, in areas that contain no definable architectural features. These could indicate isolated pit features such as those found in Trenches 13 and 14 in GSU 6.
The geophysical investigations at GSU 8 revealed a different pattern to that observed at GSU 2 and indicated that it may be an area of tombs rather than a place for domestic habitation (Fig. 16a, c) . Rectilinear features were not visible in the GPR amplitude slice map or gradiometer image (Fig. 16b, d) ; however, large clusters of positive ovoid magnetic anomalies similar in size, shape and intensity to those identified as potential tombs in GSU 6 were present in the southwestern part of the survey area. Again, these features were not visible in the GPR amplitude slice maps, but they do appear in the reflection profiles (Fig. 17) . As in GSU 6, high-amplitude reflections were observed adjacent to the potential tombs, and lowamplitude reflections were observable in those areas marked as high magnetic values, presumably marking soil disturbance. Coleman et al. (1996) also hypothesised that this area contained tombs based on surface surveys, demonstrating the 1986 Archaeol Anthropol Sci (2018 Sci ( ) 10:1971 Sci ( -1989 The geophysical results also indicated that there might be other areas on the site that contain buried archaeological material. Based on the size, shape and contrasts to the surrounding sediment in both datasets, at least three other areas were identified as having archaeological potential: GSU 5, GSU 11 and GSU 12. The northern part of GSU 6 also contained linear anomalies of interest. It is uncertain if these anomalies are PreBA or from a later period; however, their presence suggests that future work is necessary to determine their nature and if they are in fact anthropogenic.
Conclusion
Through the integration of data generated by geophysical survey and archaeological excavation, the UQAAM has been able to identify several geophysical 'signatures' of features that are diagnostic or indicative of the domestic architecture and mortuary domain of PreBA Cyprus. Perhaps unsurprisingly, the GPR and gradiometer results revealed the presence of limestone and basalt wall footings. This permitted the team to define many rectilinear rooms of various sizes that the walls enclosed and to hypothesise about their possible functions. The gradiometer map also revealed the presence of one, probably two, wells and at least 60 tombs in GSU 6, of which the archaeological excavation confirmed two.
By overlaying the excavation data on the geophysical results, the UQAAM was able to test the efficacy of geophysical survey by focussing on certain physical features that are typical of the PreBA including 'pebblecrete' pot emplacements, subterranean floor surfaces and hearths placed against walls at floor level. To date, identifying features to this scale using geophysics has never been completed in Cyprus. Through close examination of the reflection profiles, signatures for these features were identified. Though often weak, they are likely to be of assistance to people conducting geophysical survey on Cyprus in the future. Broad-sized signatures such as the sunken floor in Trench 2 and areas of collapsed burn and soil disturbance were also detected in the geophysical data post-excavation. The geophysical survey could also demonstrate the location and the general form of tomb types. Further, at least two additional nodes of occupation were predicted, with a high level of confidence, including the likely broad layout of individual houses.
Importantly, the survey identified parts of the site where there is no geophysical signature for subsurface archaeology. This is of particular use to the landowners who wishes to subdivide and develop their land. They are now in a position to do so across much of the property without the need to demonstrate the absence of archaeology to the Cyprus Department of Antiquities through expensive archaeological excavation. This study has allowed for the expedient identification of buried archaeological features and a method of Positive magnetic anomalies are visible in those areas that contain weaker GPR reflections assessing their intactness and value that will enable modern development to occur while still protecting important buried heritage.
The results of the UQAAM program of geophysical survey and archaeological excavation were not entirely successful. Many of the 'signatures' discussed above were weak and very difficult to interpret before the physical excavation of the site. Some signatures were only identified after the archaeological data were superimposed on the geophysical data, indicating the complex nature of PreBA features. Nevertheless, the project yielded sufficient data to demonstrate the value of geophysical survey to archaeologists working on PreBA settlement and cemetery sites on Cyprus. It makes an important contribution to the expanding database of geophysical 'signatures' that can be used by archaeologists to formulate their research designs and predictive models.
